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FOREWORD 

THIS is one of a series of Engineering Monographs 
published by the British Broadcasting Corporation. 
About six are produced every year, each dealing 
with a technical subject witliin the field of television and 
sound broadcasting. Each Monograph describes work 
that has been done by the Engineering Division of the 
BBC and includes, where appropriate, a survey of earlier 
work on the same subject. From time to time the series 
may include selected reprints of articles by BBC authors 
that have appeared in technical journals. Papers dealing 
with general engineering developments in broadcasting 
may also be included occasionally. 

This series should be of interest and value to engineers 
engaged in the fields of broadcasting and of telecom- 
munications generally. 

Individual copies cost 5s. post Free, while the annual 
subscription is £1 post free. Orders can be placed with 
newsagents and booksellers, or bbc PUBLiCATroNS, 35 

MARYLEBONR HIGH STREET, LONDON, W.I. 
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AN INSTRUMENT FOR MEASURING TELEVISION SIGNAL-TO-NOISE RATIO 

SUMMARY 

The monograph describes an instrument which has been developed specially for the measurement of signal-to-noise 
ratios in television. It utilizes an input picture signal corresponding to a scene of uniform grey or white, and selects the 
central portion of the picture area by means of an internal gating circuit. Separation of the noise from the signal is 
effected by subtraction of a 'noiseless' replica of the gated picttire signal and a locally generated sine wave is used in 
evaluating the ratio between the picture signal ajid r.m.s. noise levels. A range of signal to-noise-ratios from 9 dB to 51 
dB can be measured, at any grey level, with an accuracy of zt 0'5 dB. 



1. Introduction 

1.1 General 

The presence ofrandom fluctuation noise in a television 
signal affects the picture in two ways; it causes random 
variations of picture brightness and it may interfere with 
the uniform flow of the synchronizing pulses, causing 
raggedness on vertical edges in the picture, or even franic 
slipping. Since it is now possible to design scanning cir- 
cuits with an immunity to random fluctuation noise such 
that accurate syjichronization is maintained even in the 
presence of noise which almost obliterates the visible pic- 
ture, attention may in certain cases be restricted to the 
effect of the noise on picture brightness. The degree of dis- 
turbance to the viewer caused by random fluctuation noise 
may be determined^' ^^^ from a knowledge of the signal- 
to-noise ratio and the way iu which the noise energy is d is- 
tributed over both the grey scale and the video frequency 
spectrum. An instrument designed to measure one of the 
parameters of random fluctuation noise in television is 
described. 

1.2 Existing Methods of Measurement of Random Fluc- 

tuation Nosie 

A method of noise measurement which has been in use 
for many years consists of visual inspection of the wave- 
form of the noise by means of the scanning-line display of a 
television waveform monitor. If the displayed waveform 
contains no picture-detail information, the noise will ap- 
pear as moving 'grass" superimposed upon a uniform 
signal level and its quasi-pcak-to-peak amplitude can be 
estimated by eye. This is possible because the probability 
of any noise peak exceed i ng a given level is found to fall to 
an insignificantly small value when that level is between 
three and four times the standard deviation (r.m.s. value). 
There is thus an empirical relationship between the peak 
amphtude estimated by the observer and the actual r.m.s. 
value. This ratio has been the subject of much controversy," 
but is usually taken as 1 1 dB, or 17 dB when considering 
peak-to-peak values. If the noise waveform has a normal 
or Gaussian statistical frequency distribution, then the 
general acceptance of this empirical ratio implies that the 
visually determined peak value occurs (on average) only 
once in about 5,000 fluctuations. 

A short experiment was carried out in which twenty 
skilled observers each made an estimate of the quasi- 
peak-to-peak value of the noise waveform displayed on a 
waveform monitor. The average value of their estimates 



was very close to a value 17 dB greater than the objectively 
measured r.m.s. value, but with a total spread of 5 dB and 
a standard deviation of 1 ■ 6 dB. Thus it may be seen that 
although the method is quick, it is nevertheless inaccui'ate. 

Another method of noise measurement is similar t:o the 
one just described, but it differs in that for this measure- 
ment the oscilloscope display is aiTangedwithout any time 
base deflexion. This results in the noise appearing as a ver- 
tical line of varying intensity. This method gives some- 
what improved accuracy but it is almost impossible to 
separate ihc noise from the television signal upon which it 
is superimposed, even if the television signal is merely des- 
cribing a scene of uniform brightness. 

Further improvements in accuracy are possible by the 
combination of oscilloscope displays with photographic 
recording, but such techniques are exceedingly slow. 

It will have been noted that the above methods give no 
iiiformation with regard to the distribution of the noise 
enej'gy throughout the video frequency spectrum and 
whilst for some puiposes such information is essential, 
there are many other occasions on which the spectrum of 
the noise is already know^n, or Js not of importance. An 
elegant means of measuring both the spectral distribution 
and the absolute energy of the noise has recently been de- 
veloped by Weaver.'' In this method, the video frequency 
spectrum is explored using a narrow-band radio receiver 
and the r.m.s. noise is measured at those discrete points iji 
the spectrum where the energy contributed by the har- 
monics of the composite video signalisaca jniiiimum. The 
overall signal-to-noisc ratio is computed by a summation 
pi'occss from, a number of such measurements taken over 
the video-frequency band. The method is extremely useful 
in those cases where a knowledge of the spectral distribu- 
tion of the noise is required, but because the contribution 
by ha rmonics of the video signal camiot always be neglect- 
ed when taking measm-ements in the middle and lower 
parts of the frequency spectrum, erroi'.s tend to occur when 
the apparatus is pi'esented with a television signal having 
an overall signal-to-noise ratio in excess of 40 dB. 

The instrument i:o be described here represents an at- 
tempt CO combine j"apid measurement with accuracy, but 
no attempt is made to meastu'e the spectral distribution of 
the noise energy, only its r.m.s. value being determined. 
The apparatus catiiiot be described as siinple, but internal 
complexity seems to have been well justified by the conse- 
quent ease of operation and itsusefuljiessasan instrument 
for the routine measurement of signal-to-noise ratios. 



2. The Basic System of Measurement 

In order to measure the r.m.s. vaiue (or energy) of Dil- 
noise appearing in a television waveform, it is necessary 
lirstto isolate the noise from the picture signal. For this to 
be possible, the signal representing pictnre information 
during the time interval when the noise is to be measured 
must be uniform, i.e. it must represent a plain grey area of 
the television scene. The method adopted'^- is to select, by 
gating, only those parts of the waveform which correspond 
to the central portions of the active hne and field periods. 
The waveform of the gated signal thus closely resembles 
the gating wavefornt itself, as shown in Fig. 1. The two 
waveforms arc coincident in time and the gating waveform 
may therefore be regarded as a noise-free versioji of the 
gated video waveform. The noise jiiay thus be isolated as a 
series of 'bursts', by subtractijig the one from the other, 
their relative ainplitudes having been caj-efully balanced. 
The absolute r.m..s. value of this noise could be niea- 

* Since coniptetioii of the work recorded here, it lias come to ftic 
attention of tlie auttior that j Russian paper presented to ttnc IXili 
Ptenary Assembly of the C.C.I.K. describes another method, based 
upon subjective comparisons, which bears some resemblance to that 
described above; Aiinex D(XI)6, Oinmneni 1 1, Los Angetcs, i959. 



sTired by an appropriately cal ibrated therm o-ammeter, but 
in fact the quantity to be measuied is the ratio of picture 
signal amplitude to r.m.s. noise amplitude and an absolute 
r.m.s. calibration is not required. Since the picture signal 
amplitude is defined as tlie difference between blanking 
and white levels, whilst noise is expressed as an r.m.s. 
quantity, it is convenient to substitute at the input to the 
instrument a locally generated sine-wave signal which may 
be given a Jcnowri reia tionship to both signal and ttoise. As 
illustrated in Fig. 2, the peak value of this sine wave is ad- 
justed ijiitially to equal the pictirre signal amplitude and 
then, by means of a calibrated attenuator, it is readjusted 
to provide the same r.m.s. voltmeter reading as that which 
was produced by the noise (both signals having passed 
through Ihc same gating circuit). TJie signal-to-noise ratio 
is thus given by the product of the attenuation factor and 
the crest factor of the sine wave, or, in decibels, it is the sum 
of the attenuation measured in dB and 3 dB. 

fn the practical instrument the attenuator takes the form 
of a simple potentiometer and its gradations are marked in 
decibels 3 dB greatei than the flciwa/ attenuation ratios to 
spare the user this complication. The signal-to-noise ratio 
can therefore be read off directly. 
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Fig. 1 — Basic subtraction process 
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3. Description of the Instrument 

3.1 General 

Fig. 13 is a pHotogiaph of the complete instrument. A 
range of signal-to-noise ratios from 9 dB to 51 dB can be 
measured at any video level between black ajid white, the 
result being ejcpressed as ihe ratio of white picture signal 
to r.ni.s. noise at the video level in question. The input can 
consist of a standard IV d.a.p. video waveform, or separ- 
ate picture and synchronizing signals, a selector switch and 
an internal sync-separation system being incorporated. A 
3 Mc/s low-pass filter is included in the video picture signal 
ijiput circuit. This is necessary because it is sometimes re- 
quired to measure the signal-to-noise ratio at an early point 
in the television chain, where the signal has not yet been 
subjected lo full bandwidth limitation. 

The equipment is mains operated but otherwise self- 
contained and portable, with instructions attacined to the 
case. 

Both output meters (seen in Fig. 13) are contained in a 
separate box which is detached from the main body of the 
instrument and placed upon a level surface when in use. 
This is because it was found necessary to use a type of 
meter wdiich must be operated in. a hoiizontal position, [n 
order to prevent use of the instrument with the meters still 
in the vertical (transport) position, the mains inlet socket is 
so situated as to be accessible only when the meters have 
been removed. 

Throughout the whole of the design and development 
stages, reliability and ease of operation were held to be 
most important. Although this latter requirement caused 



considerable internal coinplications, the iiature of the de- 
vice is such that a fault-condition becomes immediately 
apparent to an intelligent user and is not likely to lead to 
erroneous measurements. 

3.2 Basic Operation 

Fig. 3 is a block schematic of the measuring ijistrument. 
The position of the switches depends upon which stage in 
the measureiTient process has been reached. Fig. 3 shows 
the basic arrangement used for the measurement of picture 
signal amplitude and the waveforms shown are all ap- 
plicable to this condition, with the exception of the 
separated noise waveform (H). Details of the waveforms 
and their relative timings are shown in Fig. 10. 

Before connecting the video signal it is necessary to ad- 
just three 'set-zero' controls, not shown, to ensure that the 
balanced amplifier, phase-splitter and keyed-clamp cir- 
cuits are accui'ately balanced in the absence of an input 
signal. When this operation has been correctly carried out, 
the outputs produced by the balanced amplifier are identi- 
cal and zero deflexion is obtained on the difj'erentialiy con- 
nected diode peak voltmeter. The output waveforms are as 
shown in Fig. 10 (D) and are produced by the action of the 
gate on the standing d.c. in the circuit. Because there is 
zero video input to the phase-splitter at this juncture, the 
negative or 'active' portions of each waveform correspond 
to black level, The video signal input derived from scan- 
ning a uniforiTQ scene is now amplified and subjected to 
keyed clamping at the input to the phase-splitter (Wave- 
form A, Fig. 10) causing a symmetrical unbalance in the 
gated outputs. This can be seen at E and F in Fig. 10, the 
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'active' portion of waveform E becoming more negative 
than black level, whilst the correspondijig portion of wave- 
form F becomes more positive. The diode peak volt- 
meter is con nected so as to conduct on an unbalance i;i this 
direction and thus indicates the sum of the excursions of 
each gated video signal from black level. It is calibrated ia 
terms of level at the input to the um't and hence measures 
the picture signal input amplitude, which should have the 
stajidard value of 0-7 Vat white. 

The next step involves the separatioji of the noise from 
the signal, using a subtraction process similar to that 
described earlier. The circuit connections of the balanced 
amphficr are now rearranged so that an amplified output 
is provided to drive tlie amplifier in the r.nr.s. measure- 
ment chain, the diode peak voltmeter being disconnected. 
Tliis new output is also proportional to the unbalance 
caused by the video signal input, but in this case the d.c. 
balance is restored by operation of the balance control 
associated with the keyed clamp at the phase-splitter in- 
put. This control merely shifts the clamp reference poten- 
tial negatively so that the uniform input signal potential 
during the active line becomes the same as that previously 
held by black level. The fact that the whole input wave- 
form is shifted by this operatioji is of no consequence, be- 
cause only the central portions of the active line (and field) 
are selected by the gate. The d.c. content of the gated signal 



is thus accurately cancelled (by careful adjustment of 
balance for minimum deflexion on the r.m.s. voltmeter) 
and the noise waveform is isolated. A mid-scale reading of 
the gated r.m.s. noise voltage is obtained by adjustment of 
the sensitivity control at the output of the balanced am- 
plifier. This adjustment must be left undisturbed during 
the remaining stages of the measurement. 

We now have a measure of both the picture signal and 
r.m.s. noise voltages; the remaining operations are de- 
voted to the evaluation of the ratio between them using the 
locally generated 500 kc/s sine wave. 

The balanced amplilier is again connected to the diode 
peak voltmeter, but now an a.c. input to the phase splitter 
is obtained from the sine-wave generator, the output of 
which is adjusted to give the same reading on the diode 
peak voltmeter as was obtained from the picture signal. 
Waveforms J and K (Fig. 10) illustrate the form of the in- 
puts to the voltmeter, which indicates the sum of the sine- 
wave amplitudes, i.e. the total, 'push-pull' component. 

Finally, the circuit is reverted to the r.m.s. -indicating 
condition and the input to the phase-splitter is obtained 
fiom the slider of the calibrated potentiometer which is 
adjusted until the r.m.s. voltmeter gives the same mid- 
scale reading as that which was produced by the noise. 

The signal-to-noise ratio appears on the scale of the 
calibrated potentiometer. 



3.3 Gating Circuit and Balanced Amplifier 

The actions of phase-splitlingand gating arc performed 
by a single pair of amplifying stages, the outputs of which 
feed the balanced amphlicr. 

Figs. 4, 5. 6, 7, 8, and 9 show the basic circuits. V5 and 
V6, and again V8 and V9, are drawn as single valves, al- 
though their functions arc each carried out by two valves 
in parallel in the equipment itself. The design called for 
'suppressor-slope' pentodes in these positions, but the 
only available valves of this type did not have sufficient 
current output when used singly. For convenience, these 
pairs of valves arc referred to in the text and the basic cir- 
cuits as V56 and V89 respectively. Fig. 10 illustrates a 
selection of the waveforms applicable to the basic circuits. 
Five arrangements of this group are used to enable the 
necessary basic operations to be carried out, viz. : 

{a) Peak voUrneter zero-setting. 

(b) Indication of picture-signal amplitude (adjusted 
externally). 

[c) Separation of noise and adjustment of r.m.s, noise 
output. 

{d) Indication and adjustment of sine-wave amplitude. 
{e) Adjustment of r.m.s. sine-wave output. 



{a) Peak voltmeter zero-setting (Figs. 4 and 5) 

In Fig, 5, the valves VI 1 and V14 drive the diode peak 
voltmeter which is connected between their respective 
cathodes. Pentode VI 2 forms a high-impedance common- 
cathode load, with Ri and Ra providing individual 
cathode loads for VII and VI4 respectively. This stage is 
thus able to handle high-amplitude 'push-push' inputs (the 
output appearing almost wholly at the anode of VI 2), 
whilst still accepting a 'push-pull' component to drive the 
differentially connected peak voltmeter. 

Convenient new reference potentials are inserted in the 
drive waveforms to the two grids by means of the clamp 
circuits shown. Clampijig is permissible here, even when 
handling a sine-wave signal, since the keying-pulses occur 
during the 'inactive' period of the waveform which is 
always in gated form at this poijtt. The keying pulses are 
derived from a source which is common to the other 
clamping circuits in the apparatus and are timed to coin- 
cide with the video sigiral 'back -porch'. It is, however, 
erroneous to regard this particular pair of circuits as 
'black-level' clamps, as will be seen. With no input signal 
the d.c. cathode potentials of VI 1 and V 14 are balanced by 
adjusting the set-zero control (No. 1). Balance is indicated 
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Fig. 6 — Basic phase-splitting and gating circuit. Video input condition 
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by the diode peak voltmeter, the electrical zero of which is 
slightly offset to permit a very small meter current to flow 
when the circuit is correctly set up. 

Signals are now made available from the phase-splitting 
and gating stage V56 and V89 shown in Fig. 4. This cir- 
cuit does not, h.owever, receive a signal input itself at this 
juncture. The outputs, which are fed to VI 1 and V14, arc 
shown by waveform (D) in Fig. 10 and arise fiom. the fact 
chat the anode currents of V56 and V89 are periodically 
interrupted by the gating pulses which arc applied to 
the suppressor grids. Valves V56 and V89 form a 'long- 
tailed pair', V56 being the primary stage. If the anode 
waveforms of the two are identical, then the reading of the 
diode peak voltmeter will remain at zero, since VI 1 and 
V14 receive only a 'push-push' input. Any imbalance, 
however, will be indicated by the meter, which can be re- 
set to zero by adjustment of the d.c. control-grid bias vol- 
tage of V56. Since, however, V56 will be required to accept 
both an a.c.-eoupled sine wave and a clamped video signal 
input, each with the correct d.c. bias, it is necessary to 
carry out two operations. Firstly, the bias itself is adjusted 
by means of the set-zero control (No. 2) (a single resistance 
R temporarily replacing the clamp circuit at the grid of 
V56) and the correct insertion of this bias by the bhick- 
level clamp is next ensured by adjustment of the clamp 
balance (set-zero control No. 3), again for zero defle.Kion 
of the peak voltmeter. 



(b) Indication of Picture Signal Amplitude (Figs. 6 and 7) 
The application of the amplified and clamped video sig- 
nal to the grid of V56 causes very nearly equal and opposite 
changes in potential to occur during the negative-going or 
active portions of the outputs from V56 and Y^9. This is 
shown by waveforms E and F in Fig. 10 and it will be ap- 
parent that the input to V II and VI 4 now consists of com- 
bined 'push-push' and 'push-pull" signals. As described 
earlier the 'push-push' component appears almost wholly 
at the anode of VI 2 (waveform M), whilst the 'push-pull' 
signal voltage is developed bctvveen the cathodes of VI 1 
and V14 and is indicated by the peak voltmeter. Equality of 
the cathode potentials of these valves during the 'inactive' 
period of the gated signals is maitUained by the actiori of 
their respective clamping circuits, and the meter reading 
displayed is thus a measure of the picture-signal amplitude 
at the input to the unit. 

(c) Separation of noise and adjustment of r.m.s. noise output 
(Figs. 6 and 9) 

The peak voltmeter is now replaced by a variable- 
resistance sensitivity control (Fig. 9) and a new adjustable 
clamp reference potoitial for NSd is obtained from the 
video d.c. balance control (Fig. 6). An output is taken from 
theanodeof VI 4, this output being produced in the follow- 
ing manner. As described in Section 3.2, the d.c. content 
of the gated video signal is cancelled by careful adjustment 



VI 



INPUT 
FROM 



rs\ 



SET-ZERO 

CONTOOL 

CNO I) 



~^^ VI3 PEAK 9 



VI4 




INPUT 



FROM 

E 
ER 



t PHAS 
J SPLITT 



CLAMP 

KEYING 

II <,- PULSES 



Fig. 7 — Basic balanced amplifier circuit. Peak voltage measurement condition 

II 



VIDEO AMPLIFIER 



catihg and clamp PULLE. CENLRATOP 



IIFl, 


liHfe 


PIT!, 


ilfl» 


KISD 


Ityt. 


KiPl 


■]»■■ 


RIti, 


IBM 


Pll^l, 


lr« 


It 114 


*!■* 


4IH, 


i:-« 


HM. 


ji.i 


PIW, 


11-1 


Sip, 


!4-ll 




F/g. 1 2^ — Circuit diagram 



12 



13 



DC. 

BALANCE 

CONTROLS 



SINE WAVE 




■)(- V5 + V6 IN COMPLETE CIRCUIT ( FIG 12) 

-|- ve + V9 II II 11 II 



Fig. 8 — Basic phase-splitting and gating circuit. Sine-wave input condition 



of the balance control, the uniform potential of the active 
signal being reduced to the value previously held by black 
level. Vl] and V14 thus receive input signals from V56 
and V89 similar to those shown by waveforms J and K in 
Fig. 10 (the noise ■waveform being shown as a sine wave). 
Because of the phase-splitting action of V56 and VS9 the 
noise components arc applied to VU and V14 in 'push- 
pull' and appear in magnified form at V14 anode whilst the 
negative-going 'push-push' components are severely atten- 
uated, appearing almost wholly at VI 2 anode as befoj-e. 

The output from V14 is amplihed and fed to the thcrmo- 
arameter r.ni.s. output indicator, the balance control being 
adjusted for minimum deflexion. A mid-scale reading of 
the r.ra.s. noise output is obtained by means of the sensi- 
tivity control which adjusts the 'push-pull' gain of the VU 
and VI 4 coinbination. 

{d) Indication and adjustment of sine-wave amplitude (Figs, 
7 and 8) 
This condition is similar to that used for the indication 
of picture-signal amphtude, except that the sine-wave in- 
put is a.c. -coupled to V56 (Fig. 8) and no d.c. unbalance is 
caused. The peak voltmeter thus indicates the peak value 
of the sine wave, which is adjusted to give the same de- 
flexion as the 'white' picture signal. 



(e) Indication and adjustment of sine-wave r.m.s. output 
(Figs. 8 and 9) 

The sine-wave output from the shder of the calibrated 
potentiometer is now connected to the control grid of V^ 
and the potentiometer is adjusted to obtain the same mid- 
scale deflexion as was produced by the noise, ft will be seen 
that, although the sine wave is a.c.-coupled, it has been 
necessary to provide a separate d.c. balance control for 
nse in this condition. This is to ensure that a precise balance 
is maintained, having regard to tli.e higher overall sensi- 
tivity of this circuit compared to the one used for peak 
voltage measurement. Tlie adjustment of this balance 
control is again made for minimum deflexion on the 
r.m.s. output meter, followed by adjustment of the cali- 
brated potentiometer to give the same mid-scale reading 
obtained when measuring the noise. 

3.4 Facility Switch 

As an aid to the simphfication of operation, all the 
necessary circuit changes are made by a single rotary 
switch. The measuring process which has been described 
involves only hve basic operations, but it was found 
necessary to increase this number when designing the 
practical instrument. Nine switch positions are provided, 
therefore, as shown in the following table. 
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Basic Operation[s) 


Faciiuy 

Swiich 

Position 


Actual Operalion{s) 


Peak voltmeter 
zero-setting ' 


1 


Set balance of balanced 
amplifier 


2 


Set balance of piiase 
splitter 


3 


Set cJamp baJance at 
pliuse splitter input 


Indication of picture 
signal amplitude 


4 


Set picture signal am- 
pMiude (e.xlcrnally) 


Separation of noise 
and adjustment; of , 
r.m.s. noise output 


5 


Balance-out video d.c. 
component (coarse) 


6 


Balance-out video d.c. 
component (fine) and 
set gain of r.m.s. 
chain 


rndiottion and ad- 
justment of sine- 
wave amplitude 


7 


Set sine-wave ampli- 
tude (to 'white' pic- 
lure value) 


Adjustment of r.m.s. , 
sine-wave output 


8 


Check balance (coarse) 


1 

9 


Ciieck balance (fine) 
and adjust calibrat- 
ed potentiometer for 
same r.m.s. reading 
as 6 



Positions 5 and 8 each provide a condition of Jew sen- 
sitivity, intended to assist the operator in finding an 
approxtmafe baJance. 

Tlie signal -to-noisc ratio is given by the potentiometer 
setting when all nine operations have been carried out. 

Positions 2, 5, 6, 8, and 9 each involve an adjust- 
ment which, directly Of otherwise, alTects the d.c. potential 
at the input to the phase-sphtter. Since for any particular 
switch position, the required potential varies very Jittle 
from measurement to measurement, whereas it may vary 
appreciably during the process of a measurement, it has 
been found advantageous to provide a separate control for 
each switch position. In this way the operator is not com- 
pelled periodically to alter the setting of any one control 
and can pass rapidly through the various positions, little 
or no adjustment being found necessary in most cases. 
To repeat a measurement, for example, it is necessary only 
to return to Position I and hence to re-examine the meter 
readings for each position up to Position 9, checking any 
doubtful setting. 

3.5 Amptificalion of the Video and Noise Waveforms 

For two main reasons, low-gain stages of amplification 
are used throughout the apparatus. Firstly, low values of 
anode load resistance are used to reduce the necessity for 
frequency response correction. This is important because 
a portable instrument is likely to be subjected to raechani- 
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Fig. 9 — Basic balanced amplifier circuit. R.m.s. measurement condition 
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cal vibration which may otherwise cause variation in the 
frequency response of inductively compensated circuits. 
Secondly,, cathode feedback is used in the amplifier circuits 
in order to reduce the dependence of gain upon valve para- 
meters. This fact is of particular value in the case of tliose 
video amplifiers v/hich are in use when measuring the pic- 
tui-e-signal amplitude, since their gain defines the cali- 
bration of the peak voltmeter. Whilst such a calibration is 
not needed to cari"y out an accurate measurement of sign a 1- 
to-noisc ratio, it has been found lo be a very useful 
practical facility when carrying out measurements at a 
number of grey levels. 

The use of overall feedback was considered when de- 
signing the video and noise amplifiers, but the idea was dis- 
carded when it was foimd that such circuits would he in- 
sufficiently flexible to cater for all the configurations 
required. 

The necessity to measure the video peak voltage, after 
gating, created a need for the transmission of the full d.c. 
component to the peak voltmeter. The use of a keyed- 
clamp circuit enabled this requirement to be fulfilled, but 
because of the nature of such circuits, special precautions 
were necessary to nullify the effect of noise voltages which 
maybe present during the blanking interval. In the normal 
course of events ^vhen measurements are made at the otit- 
put of a television camera or tclecine channel, such noise 
will not appear. If, however, the measurement is being 
made at a point earlier in the chain or at the output of a 
receiver, then noise will exist at all points in the waveform. 
In these circumstances, ordinary clamping circuits will 
cause random variation of the d.c. component, depending 
upon the instantaneous blanking level near the time that 
the clamping operation ceases. To reduce this effect an 
integrating or flywheel arrangement' was used in the in- 
put circuit of the phase-splitter, providing for the clamp to 
operate on the mean blanking level, i.e. that which would 
obtain in the absence of noise. Since this is the only part of 
the unit where such trouble can arise, conventionally de- 
signed clamping circuits are used elsewhere. 

The linear amplification of the noise waveform pre- 
sented special problems, since a well-defined peak value 
could not be assigned to it when calculating the signal- 
handling capacity of the amplifiers. In theory any assigned 
level, however high, will be attained sooner or later by a 
noise peak. Nevertheless the probability of this level being 
reached in a finite thne diminishes very rapidly indeed as 
the level is raised. For example, in. order to have an even 
chance of observing a noise peak equal to five times the 
r.m.s. value, it would be necessary to observe noise in a 
3 Mc/s band for a fraction of a second. To observe a peak 
ten times the r.ra.s. value, millions of years would be re- 
quired. It is shown Jn the Appendix that if noise is ampli- 
fied linearly for amplitudes of either polarity up to three 
times the r.m.s. value, thereafter limiting the amplitudes 
to this value, this limitation reduces the r.m.s. value of the 
output by much less than 1 percent. To achieve this accur- 
acy, therefore, an amplifier handling a continuous noise 
voltage must be capable of accepting a j"ange of input 
levels which is six times the input r.m.s. value. Tn the instru- 



ment being described, a further allowance has had to be 
made for the interrupted nature of the noise waveform. 
Because only approximately one-quarter of the picture 
area is selected by the gating circuit, then the r.nr.s. value 
of the noise waveforju is reduced to about one-half of its 
equivalent corvtintious value. The amplifiers are therefore 
designed to accept a range of input signal levels which is at 
least twelve times the r.m.s. value. 

3.6 Generation of the Gating Waveforms 

The gating circuit selects the central portion of each tele- 
vision line and licld, approximately one quarter of the 
active picture area being selected in this way. Suitable gat- 
ing waveforms are generated within the unit. Fig. I J illus- 
trates a number of the waveforms associated with the 
generation of the gating signal and Fig. 12 is a circuit dia- 
gram of the complete instrument. With reference to Fig, 
12, Pentode V17 is a conventional sync-separating stage 
and its control grid is fed with an amplified negative-going 
video signal from the anode of VI 6 A. VISA is used to 
amplify and distribute the separated pulses, the output 
from the anode being used to trigger the blocking oscil- 
lator line sawtooth generator V19B, wirilst two outputs 
arc taken from the cathode. One output is used to trigger 
tire clamp keying-pulse generator V16B and the other out- 
put feeds the cii'cuit, controlled by VI SB, wliich separates 
held from line sync, pulses. Coji side ring the action of 
VISE, high-amplitude, negative-going sync, pulses arc 
applied to the grid via C45, the bias resistance R159 being 
returned to the positive h.t. line to ensure that, by virtue of 
the high aiming potential, grid current flows during the 
interval between sync, pulses. Thus the valve normally is 
fully conducting, but becomes cut off for the duration of 
each sync, pulse. Resistor R157 and capacitor C43 form 
a charging circuit, with the capacitance heavily shunted 
by V18B when conducting. During the non-conducting 
period, however, C43 is allowed to accumulate a charge 
and it will be seen that, during the field synchronizing 
period, the maximum value of this charge will be nearly 
fourtimes that which is permitted during the line pulse. At 
the end of each pulse C43 is discharged by VI SB, and the 
resulting waveform is differentiated by C42 and R154 and 
used to trigger the field-frequency blocking oscillator 
V24B, which generates a sawtooth output across C40 
(Fig. il(a)). Discrimination against the lower amplitude 
line-pulse component is ensured by the provision of ade- 
quate external negative grid bias (via R152 and R15I). 
V24A is a Miller integrating stage which receives a nearly 
linear sawtooth input from C40 and generates a parabolic 
waveform to feed to the cathode-coupled multi-vibrator 
V25 (Fig. 1 ](fc)). The grid-bias for V25 Band the amphtude 
of the input parabolic waveform arc chosen so as to permit 
conduction only during the central portioii of the active 
field period, R147 and C37 being included to provide the 
slight amount of phase shift required to centralize the 
waveform relative to the active field peiiod. The output 
from V25 consists of a rectangular waveform at field fre- 
quency and is fed to the feedback-type adding stage V20B. 
To this stage is also connected the output from the Miller 
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Fig. ] 1 — Generation of the gating waveform 
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integrator V19A, which generates a line-frequency para- 
bolic waveform In conjunction with V19B, the circuit 
operation being similar to the field-frequency case just 
described. The adding stage V20B is designed to be cut off 
by the negative-going or 'inactive' portion of the field 
waveform resulting in an output waveform from V20A as 
shown in Fig. ll[d). This is appHed to the cathode-coupled 
multivibrator V22 and causes conduction of V22B during 
the central portions of the selected lines. The output from 
V22A (Fig. 11(/)) constitutes the composite gating wave- 
form which is connected to the suppressor grids of the gat- 
ing valves. In order to avoid errors in the width of the fine 
gating pulses which may be caused by variations in the 
height of the field 'pedestal', the grid input waveform of 
V22B is subjected to line-by-fine clamping as shown in 
Fig. \l{d)md{e). 



3.7 R.M.S. Output Indication 

An industrial-type 4 mA vacuum thermocouple is used 
to drive the horizontally mounted output microammeter. 
This meter is calibrated with a decibel scale in order to 
allow interpolation between the discrete 2 dB steps of the 
calibrated potentiometer. 

The thermocouple and microammeter combination 
were chosen in consultation with Ernest Turner, Electrical 
Instruments Ltd, in order to obtain optimum stability of 
meter-scale law against both a change in thermocouple and 
changes in ambient temperature. Since it is necessary to 
drive the output indicator from a valve amplifier and bear- 
ing in mind the frequency response and the peak signal- 
handling capacity required when amplifying a noise vol- 
tage, it will be appreciated that the thermocouple heater 
current and impedance are defined within fairly close 
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Fig. 14 — Power supply unii 



limits. To ease this problem an output transformer was 
used which provided a current gain of 6 dB with an overall 
frequency response which was uniform from 60 kc/s to 
3-5 Mc/s. The advantage of rejecting frequencies below 
60 kc/s is that the effects of any unwanted components 
(such as 'tilts' and 'bends') which may occur within the 
gating interval are greatly reduced. 

The error in the measured signal-to-noise ratio due to 
the loss of information below 60 kc/s is treated as being 
negligibly small. 

To prevent damage to the meter or thermocouple if acci- 
dentally overloaded, a protection circuit has been in- 
corporated. A valve-controlled relay is arranged to remove 
the driving voltage when it exceeds the full-scale value, the 
detecting circuit being designed to be approximately equi- 
sensitive to both noise and sine-wave signals. Because the 
thermocouple and meter are normally operated well with- 
in theirmaximum ratings, the time delay in relay operation 
is not serious, particularly as the manufacturer's specifica- 
tion permits a 50 per cent overload for 'short' periods. 
Operation of the protection circuit is indicated by the 
lighting of a lamp, and the circuit is so interlocked as to 
require the operator to return to Position No. 1 on the 
Facility Switch and recommence the measurement. 

3.8 Accuracy 

It will be noted that the peak voltmeter is of the simple 
diode type and will give accurate readings only when pro- 
vided with the correct type of input ; it cannot, for example, 
accurately measure the peak value of a signal with a very 
low duty factor, such as a narrow pulse. This characteiistic 
of the circuit helps to improve accuracy when measuring 
the value ofpicture signal plus noise, in that the noise peaks 
are approximately averaged, giving a reading of peak vol- 
tage corresponding to a noiseless video signal. The effect 
is difficult to analyse quantitatively and therefore a num- 
ber of oscilloscope comparisons have been made at differ- 
ent added noise levels, to ascertain the maximum error 
likely to be incurred. The maximum discrepancy between 
peak measurements of television signal and sine wave is of 
the order of 3 per cent. This is by far the greatest error and 
the tendency is for the measured signal-to-noise ratios to 
be too high by an amount varying from to +0'25 dB. It 
is not considered worth while to introduce a correction for 
this relativelysmallamount.particularlyas the next largest 
source of error is always biased in the opposite direction. 
The latter effect is due to the inability of the instrument and 
its user to balance out accurately the video component, 



leaving noise as the only contributor to the r.m.s. output. 
Again, it is difficult to be precise about the magnitudes in- 
volved, since they are very small and variable, but it is felt 
that an overall accuracy figure of ±0 ■ 5 dB is a safe limit 
to claim for the device as a whole. 

3.9 Power Supplies 

Fig. 14 shows the circuit of the power supply unit which 
is located on a separate chassis and panel, housed within 
the same cabinet as the measuring instrument. 

A conventional series regulator is included in the 330 V 
h.t. supply and neon stabilizers are used to stabilize the 
two —85 V low-current lines used for biasing purposes. 



4. Conclusions 

The instrumentdescribed in this monograph has fuUyjusti- 
fied the effort made in its design and construction : it has, 
in particular, demonstrated its usefulness in routine check- 
ing of the performance of camera tubes and teledne 
machines. A number of lessons have been learned, how- 
ever, and should the opportunity arise a second model 
would incorporate a number of practical changes. In 
particular, suitably disposed electro-mechanical switches 
would replace the existing Facility Switch unit, the in- 
clusion of which imposed a severe limitation to freedom of 
layout. 

The author wishes to acknowledge the important con- 
tribution made by Mr I. G. Gibbs in the design and de- 
velopment of this instrument. 
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FUTURE DEVELOPMENTS 

Another method of measuring signal to noise has been investigated. 
Broad details were published in the E.B.U. Review.* The new method 
does not involve balancing and promises to be a robust technique for 
held measurements. 

* Weaver, L. E., Some New Video IMeasuTemente Techniques and 
Apparatus, E.B.U. Review, Part A, Technical, No. 64, December I960. 
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APPENDIX 
THE AMPLIFICAnON OF A RANDOM NOISE VOLTAGE 



General 

Any device whJch is used to indicate the r.m.s. value of a 
random noise voltage must be able to handle peak voltage 
excursions of either polarity in excess of this voltage if 
serious error is to be avoided. 

The magnitude of the error in an r.m.s, measurement 
caused by peak voltage limitation has been detenrtined. 
Close agreement has been found between theory and 
practice. 

Theoretical Procedure* 

Assuming that the noise amplitude has a normal prob- 
ability density distribution we can calculate its r.m.s. value 
and the change in r.m.s. value caused by a known amount 
of peak-amplitude limitation. 

If H=noise voltage 

<i> (w)=^e^^''«'=probability density 

The standard deviation a of the unlimited distribution is 
given by 



.=2j»- 



<^(h) du 



This is a well-known expression giving 

a^= 

In the case of a distribution limited to a maximum value 
±t/, all values of [u| up to | U\ wUl be included by 
a 

2\ 



liu'-j-iuidu 



whereas excursions beyond ±t^ will have the value ±t/, 

but with a probability of occurrence still denoted by ^(w). 

Thus the standard deviation of the limited distribution: 

* Mathematical Analysis by Dr R. D. A. Maurice. 
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The ratio - gives the ratio of the r.m.s. value of the Umitwt 

cr 

distribution to that of the unlimited distribution forvarious 
values of U {U being expressed in terms of cr). 

5 U 

Fig. 15 shows— plotted against various values of— to- 

cr CT 

gether with a similar curve for a sine wave. 

Experimental Procedure 

A multiplier type photo-electric cell was used as a noise 
source, adjustment of output being obtained by control- 
ling the brightness of a lamp adjacent to the photo cathode. 
A two-stage valve amplifier provided the drive to a 1 600 
ohm, 1 '25 mA vacuum thermocouple, the amphfier being 
designed to handle peak amplitudes having some thirty 
to forty times the r.m.s. value. A diode circuit connected 
across the heater of the thermocouple provided a means for 
adjustable symmetrical peak limitation. Care was taken to 
ensure that the clipping action was very close to the ideal. 
To this end, the change in r.m.s. value of a sine wave was 
measured when subjected to peak clipping, close agree- 
ment with the calculated figures being recorded. A further 
precaution was taken by using a noise spectrum limited to 
frequencies below about 100 kc/s. 

A number of curves were plotted to investigate the effect 
of bandwidth changes on the amplitude distribution, but, 
as can be seen, no marked differences are to be observed 
and the overall agreement with the calculated curve appears 
to be very good. 

Conclusion 

A waveform consisting of continuous random noise can 
be amplitude limited to a value which is plus and minus 
three times the r.m.s. value of unlimited random noise 
with a change in r.m.s. value of much less than 1 per cent. 



22 




V^= RATIO OF MAXIMUM 



OR NEC. VOLTAGE TO RMS. VOLTAGE 



Fig. 15 
23 



Published by the British Braadcasting Corporation, 3 f Marylebone High Street^ London^ W. j . Printed in England on Basingiferk 
Parchment in Times New Koman by The Broadwaicr Press Lid, Wel\¥yn Garden Citjfy Herts. No, +i"l5" 



